Background: In this study, the characteristics of menstrual cycle in shift workers employed in the pharmaceutical industry are investigated. Method: This study was conducted in a pharmaceutical industrial complex in Tehran in 2012. 406 female workers in packaging units were studied on the menstrual cycle characteristics. The studied workers were divided into two groups of shift workers and non-shift workers and were compared in terms of the frequency of menstrual disorder (short-term cycle, long-term cycle, irregular cycle and bleeding during menstrual cycle) as well as hormonal values (FSH, LH, TSH, and Prolactin). Results: The odds ratio (OR) for menstrual disorder in the shift workers was 5.54 (95% CI=2.78-11.02) compared to the non-shift workers. The mean difference of hormonal values (except prolactin) between shift workers and non-shift workers was not significant (P> 0.05). Conclusion: This study suggests that shift work may disrupt the menstrual cycle.
Introduction
Given the increasing speed of industrialization process of countries and also in order to increase the production and productivity in manufacturing sectors, shift work is inevitable and expanding. In the United States, in the last two decades, about 27 percent of men and 16 percent of women have experienced shift work (Pati et al., 2001 ). The results of previous studies indicate that about 15 million people in the United States are shift workers (Lawson et al., 2011) . According to the statistics of International Labor Organization (ILO), approximately 15 to 30% of workforce in developing countries is shift workers (Dumont, 1985) . On the other hand, in recent years, the number of women as workforce is increasing. Also, a lot of these workers are in the reproductive ages and it is necessary to pay attention to the effects of occupational exposures on the reproductive system (Zenz et al., 1994) .
Some studies were conducted in previous years on the health effects of shift work. In previous studies, a positive significant relationship was found between shift work and sleep problems, digestive problems and adverse effects on the cardiovascular system, but the impact of shift work on the reproductive system has not been adequately addressed. The effect mechanism of working shift on the reproductive system is not completely clear, but shift workers are usually suffering from sleep disorder and increased disorder risk in the physiological function including hormonal disturbances and disruption in the circadian rhythm, which are considered as possible reasons of the relationship between shift work and abnormal menstrual cycle (Navara & Nelson, 2007) . The duration and pattern of menstrual cycle are considered as women's reproductive health indicators (Harlow & Campbell, 2008; Lisabeth et al., 2004) . Irregular menstrual cycle patterns, including short or long-term cycles are associated with reduced levels of women's productivity (Axmon et al., 2006; Rowland et al., 2002; Small et al, 2006) . Menstrual disorder is considered a relatively common disorder in developed and developing countries (Siobán, 2000) . Menstrual dysfunction reduces the quality of life, increases absenteeism, and imposes significant costs to the industry. It is estimated that in the United States, the overall cost of lost working days due to menstrual dysfunction is 94 to 308 million dollars for each lost day (US Bureau of the Census, 1994). Previous studies have examined the relationship between shift work and the duration and pattern of menstrual cycle, but most of these studies had small sample sizes or short duration of shift working (Chung et al., 2005; Hatch et al., 1999; Labyak et al., 2002; Lohstroh et al., 2003; Messing et al., 1992; Su et al., 2008) . The results of a study by Miyauchi et al. (1992) indicated that night working and shift working can lead to irregular menstrual cycles possibly by disrupting the circadian system and the reproductive hormone. Also, in a study conducted on workers in a textile factory in China, Lohstroh et al. (2003) indicated that shift working can cause irregularity in the duration of menstrual cycle. On the other hand, the pharmaceutical industry is an important industry in Iran and a large workforce are employed in this industry. In 2004, it was reported that 65 pharmaceutical companies, 20 of which are too large, are operating in Iran (Cheraghali, 2006) . In this study, the characteristics of menstrual cycle in female shift workers who are working in the pharmaceutical industry are investigated.
Methods

Study Design and Population
This study was conducted in a pharmaceutical company located in the outskirt of Tehran in 2012. The researchers examined the characteristics of menstrual cycle in female workers employed in this industry. All women working in the packaging units of factory who were in the reproductive age (before menopause) and had at least one year of work experience were included in the study. All the necessary information, including demographic, medical and employment data were collected through direct interviews and from medical records in a questionnaire. The questionnaire contained questions about age, work experience, education level, marital status, height, weight, smoking habit, regular exercise, tea consumption, carrying heavy loads, long standing at work, assessment of the individuals' job satisfaction and job stress, shift work status, use of medication, age at the first menstruation, pregnancy and menstrual cycle characteristics (including cycle duration, duration and amount of bleeding, bleeding during the cycle, regular or irregular menstrual cycles and dysmenorrhea) and previous job or a second job.
The exclusion criteria included pregnancy, history of hysterectomy, ovariectomy, diseases like Asherman's syndrome and also history of endocrine disorders (progesterone deficiency, polycystic ovary syndrome, thyroid disorders and diabetes mellitus), continuous and non-occupational exposure to any organic solvents and pesticides. Also, those who were shift workers in previous jobs or second jobs as well as those who had changes in their working shift (from shift working to, day working or vice versa) were excluded from the study.
To investigate the occupational exposures effective on the reproduction system, environmental measurements were conducted on organic solvents and other chemicals in the packaging units under study. The results indicated no or a negligible amount of chemicals in the workplace. In the factory packaging units, 467 workers were employed. The under study workers were divided into two groups of shift work and none-shift work. After considering the inclusion and exclusion criteria, 113 people were placed in shift work group and 293 people were included in none-shift work group.
Ethical Approval
Before entering the study, all participants signed a written consent form. Also, they could exit the study at any time they wanted. This study was approved by the Ethics Committee of Tehran University of Medical Sciences.
Assessment of Menstrual Patterns and Covariance
In this study, the menstrual cycles of subjects were evaluated during the past year using the criteria including mean duration of menstruation, changes in duration of different cycles, bleeding time, amount of bleeding and the presence of dysmenorrhea. Menstrual disorder was defined as the existence of one of the four following characteristics in the menstrual cycle: short cycles, prolonged cycles, irregular cycles and bleeding or spotting between cycles (inter menstrual bleeding) (Ronda et al., 2009 ). The short-term cycle was defined as a menstrual cycle shorter than 21 days. Also, the prolonged cycle was defined as a menstrual cycle longer than 35 days (Cho et al., 2001) .
In this study, the menstrual cycle pattern was obtained based on the question "What is the average duration of your menstrual cycle?" In other words, "How much does it take from the first day of your menstruation in a cycle to the first day of the menstruation in the next cycle?"
The onset of menstrual cycle was defined as the first day of two consecutive days with the onset of bleeding that at least in one of them the bleeding severity is more than spotting (Jukic et al., 2008) . Besides, the cycle irregularity was defined as having more than 7 days for changes in the menstrual cycle duration constantly or in most cases. Likewise, the regular cycle was defined as having a maximum of 7 days for changes in the duration of cycles.
To determine the changes in menstrual cycles duration, participants were asked "whether the number of days from the beginning of a cycle to the next cycle are identical or not? And, if different, how many days is the difference?" (Lawson et al., 2011) .
To measure the bleeding duration, participants were asked "on average, how many days does it take your menstrual bleeding". To measure the amount of bleeding, participants were asked "on average, how many tampons do you use during each day of your menstrual cycle?"
In this study, Menstrual cycle discomfort was defined as low back pain or abdominal discomfort in bleeding time and dysmenorrhea was defined as at least 2 days of menstrual cycle discomfort during menstrual bleeding (Chen et al., 2000) .
The day working was defined as work in a day with a constant pattern and the shift working was defined as working in all types of shifts including fixed evening shifts and rotating shifts except the fixed day time shift (day working) (Zhu et al., 2004) .
Job satisfaction and job stress -which were determined through self-perception in this study -were classified in three groups of low, medium and high for job satisfaction and four groups of no, low, medium and high for job stress (Chung et al., 2005) .
In this study, the regular exercise was defined as doing at least 30 minutes of exercise a day for at least 3 times a week or more (Lee et al., 2009 ).
To measure the amount of hormones of Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), Thyroid Stimulating Hormone (TSH), Prolactin (PRL), estrogen and progesterone, the blood samples of subjects were measured on the third day of menstruation.
Statistical Analysis
The mean, standard deviation, and range of variables were calculated. The t-test and chi-squared test were used to compare different variables. Also, the logistic regression analysis was used to adjust the confounding factors and to more accurately assess the relationship between exposure to shift working and menstrual disorders. In this study, menstrual disorder was considered dependent variable and age at menarche, regular exercise, marital status, age, body mass index (BMI), work experience, self-perceived job satisfaction and self-perceived job stress were considered independent variables. The significance level was 0.05. The outputs of statistical analyses were expressed based on the odds ratio (OR) with 95% of confidence interval. The SPSS-11 software was used for statistical analyses.
Results
In this study, 406 female workers in the packaging units of the pharmaceutical factory were investigated. 293 people (72.2%) were day workers and 113 people (27.8%) were shift workers. The average age of all 406 workers was 31.3 years, with a range of 22-43 years. The average work experience for all workers was 8.7 years, with a range of 1-23 years. The mean BMI for all workers was 23.6 kg/m 2 , with a range of 18-35 kg/m 2 . The clinical, demographic and occupational variables among shift workers and day workers are compared in Table 1 . As shown in Table 1 , there was not a significant different between the two groups in terms of demographic, clinical and occupational factors (p> 0.05), except for the frequency of past history of pregnancy that was significantly higher in the day work group compared with that of the shift work group (p <0.05). The mean duration of menstrual cycle for all 406 workers was 26.2 days, with a range of 16-40 days. The mean duration of bleeding time for all 406 workers was 4.9 days, with a range of 3-7 days and the mean number of used tampons per day was 3.6, with a range of 1-8. 205 workers (50.5%) were suffering from dysmenorrhea. 10.5% of workers had irregular cycles and 3.4% of workers had inter menstrual bleeding. The duration of menstrual cycles for 88% of workers was between 21 and 35 days. However, it was less than 21 days for 3.9% of workers, and more than 35 days for 8.1% of workers. Overall, 59 workers (14.5%) were suffering from menstrual disorders.
The average values of hormonal levels in both groups of day work and shift work are compared in Table 2 . It was lower in the shift work group compared with the day work group. However, this difference was not significant (p> 0.05). The menstrual cycle characteristics in both groups of day work and shift work are summarized in Table 3 . As shown in the Table, the average length of menstrual cycle, the average of bleeding time and the number of tampons used in shift workers are significantly higher than that of day workers (p <0.05). Also, dysmenorrheal frequency, short-term menstrual cycle, long-term menstrual cycle, irregular menstruation and inter menstrual bleeding in shift workers are significantly higher than that of day workers (p <0.05). Finally, the prevalence of menstrual disorders in shift workers is significantly higher than that of day workers (P <0.001, OR = 3.8, 95% CI = 2.2-6.8). Also, after adjusting the confounding factors, the logistic regression analysis indicated a significant association menstrual disorder and shift work (p <0.05). In addition, a significant relationship was found between menstrual disorder and work experience, age at menarche, regular exercise, high perceived job stress and low job satisfaction (P <0.05) ( Moreover, the results of regression analysis indicated that in the shift workers group with a job experience of more than 7 years, odds ratio (OR) for menstrual disorder was higher than that of the day workers group with a job experience of 7 years or less and the non-shift work group (Table 5) . 
Discussion
The pattern of menstrual cycles in females is considered an important indicator of the reproductive health. On the other hand, changes in menstrual function can propose shift workers' intolerance toward shift working (Labyak et al., 2002) . The results of our study indicated that even after adjustment of confounding factors, there www.ccsenet.org/gjhs Global Journal of Health Science Vol. 5, No. 3; is a significant relationship between shift working and menstrual cycle disorder. Chung et al. (2005) studied the relationship between menstrual cycle characteristics and lifestyle factors and occupational factors in nurses in Taiwan. The results indicated that there is a significant association between "occupational and lifestyle factors" and "dysmenorrhea and menstrual cycle function". In that study, for 60% of fixed night working nurses with regular menstrual cycles, the duration of menstrual cycle was less than 25 days, and it was significantly higher than nurses in other working schedules (p <0.05). Lawson et al. (2011) studied the pattern of menstrual cycle in nurses with rotating shift work. The results indicated that 10% of nurses had irregular menstrual cycles. The duration of menstrual cycle for 70% of nurses was between 26 and 31 days, 16% between 21 and 25 days, 1% less than 21 days, 11% between 32 and 39 days and 1% more than 40 days. For nurses with a history of more than 20 months in rotating shift, the frequency of irregular menstrual cycles (adjusted RR = 1.23 [CI = 1.14 -1.33]) and also the frequency of menstrual cycles (adjusted RR = 1.27 [0.99 -1.62]) were less than 21 days or more than 40 days (adjusted RR = 1.49 [1.19 -1.87]) compared with the workers without rotating shifts. In the irregular menstrual cycle patterns and the menstrual cycle longer than 40 days, a relationship was observed between dose-response and the increase of months of rotating shift working. The results of our study also suggested that the frequency of all types of menstrual disorders including short-and long-term menstrual cycles, irregular menstrual cycle and dysmenorrhea are higher for shift workers with more than 7 years of job experience compared with that of shift workers with equal or less than 7 years of job experience and day workers. In general, the results of the study by Lawson et al. (2011) indicate that there is a moderate association between shift work and the menstruation pattern and duration of menstrual cycle. Overall, in this study, an increased risk was observed for long-term and short-term menstrual cycles and irregular menstrual cycles in nurses who work in rotating shifts.
Our study was not found a significant association between BMI and menstrual disorders using logistic regression analysis, but in the study of Lawson et al. (2011) , a dose-response relationship was found between self-reported body mass index and menstrual cycle outcomes.
In the study of Labyak et al. (2002) , 68 nurses under 40 years of age were studied in terms of menstrual cycle, pregnancy outcomes, and sleep problems. 53% of women experienced changes in their menstrual cycle when shift working. Also, shift working nurses were more subject to sleep disorder which may cause disturbances in the menstrual cycle regulation.
In a study on poultry slaughterhouse and cannery workers, it was found that shift work (with variable working schedule) was associated with long-term menstrual cycle (more than 33 days) (OR = 2.4, 95% CI = 1.0-5.5) and irregular menstrual cycle (OR = 2.0, 95% CI = 1.2-3.6) (Messing et al., 1992) . Higher risk ratio in this study could be due to different definitions of long-term menstrual cycle and shift working.
In a study by Su et al. (2008) on workers of a factory in Taiwan that had 12-hour shift working and the day and night shifts rotated every 4 months, an increased risk was associated with long-term menstrual cycle (more than 35 days) or short-term menstrual cycle (less than 25 days) in shift workers.
The results of our study indicated increased prevalence of dysmenorrhea among shift workers compared with day workers. The results of a study by Yao et al. (2009) showed that shift working may increase the risk of premenstrual syndrome.
The menstrual cycle is identified through the reproductive hormone secretion with cyclical patterns. Although the impact mechanism of shift working on menstrual cycle is not entirely clear, but changes in the circadian rhythm through sleep disorder or changes in the melatonin production may affect the reproductive hormones adjustments which are responsible for controlling the menstrual cycle (Epstein, 1997) . In humans, the relationship between time and intensity of light exposure and menstrual cycle parameters such as duration of menstrual cycle is not entirely clear (Barron, 2007) . However, there are possible reasons and hypotheses for it. For example, previous studies have indicated a relationship between the urine levels of melatonin metabolites and work schedule and amenorrhea (Brzezinski et al., 1988; Hansen et al., 2006; Schernhammer et al., 2004; Schernhammer et al., 2006) .
The results of our study suggest that hormonal levels including FSH, LH and TSH in shift workers were lower than day workers, but the difference was not significant. However, the mean prolactin level was significantly higher in shift workers than day workers.
During sleep, the secretion of pituitary LH is largely restricted (Baumgartner et al., 1993; Hall et al., 2005) . Thus, changes in sleep/wake-up patterns in shift workers can lead to changes in LH secretion and therefore changes in the duration of menstrual cycle. The increase in prolactin secretion may be associated with changes in the duration of menstrual cycle, lack of ovulation and changes in the duration and amount of menstrual bleeding (Hatch et al., 1999) .
In a study, Lohstroh et al. (2003) found that some of rotating shift workers had shorter menstrual cycles (27-31 days) and some had longer menstrual cycles (33-46 days). Hormonal profiles during menstrual cycles indicated that their changes during cycles are primarily caused by the differences during the follicular phase of the cycle, not by their changes during the luteal phase. The results of the study suggest an association between disorders in rotating shift work and longer menstrual cycle by delaying the ovulation day and prolongation of the follicular phase. Some workers with longer menstrual cycles (33-46 days) had irregular work schedule and shifts, but it was not true in those with shorter menstrual cycles (27-31 days). Also, the urinary level of FSH in the pre-LFPT phase of longer menstrual cycle decreased compared with the pre-LFPT (Luteal-Follicular Phase Transition) of shorter menstrual cycle. This result confirms that changes in the work schedule can cause irregularities in the menstrual cycle duration. In general, the results of this study indicate that LFPT is considered a sensitive and specific period in the menstrual cycle, when the environmental stressors can have adverse effects on the ovarian function.
In a study by Hatch et al. (1999) , the prevalence of short-term menstrual cycle and the inadequate luteal phase in shift working nurses were higher than nurses who had fixed day or night shifts.
In our study, the frequency of menstrual disorder among workers with high work stress and low job satisfaction was higher than that of the control group. Psychological stress can activate the corticotropin release in the nervous system and may cause menstrual dysfunction (Chrousos et al., 1998) . Environmental stress can interfere with various endocrine profiles, especially a reduction of estrogen and gonadotropin (Warren & Perlroth, 2001 ).
Among the limitations of our study is its cross-sectional characteristic, so there are constraints in determining the causal relationships. Also, the self-reported work schedule and the menstrual cycle characteristics may lead to misclassified participants. However, the information about the menstrual cycle characteristics only in the past year was collected, which may reduce the impact of misclassification. The participants were asked about the outcomes in the past, so recall bias is likely. Women reported their cycle characteristics without applying menstrual diaries. Obviously, the prospective data collection and using menstrual diaries can be helpful in increasing the quality of study.
It was better to used standard questionnaires to study job stress and job satisfaction. However, in this study, more questions could reduce the number of people who completed the questionnaire.
Conclusions
The results of our study indicated that the frequency of menstrual cycle disorder was higher in shift workers than that of the fixed day workers. To demonstrate the relationship between shift work and menstrual cycle disorder, further studies are recommended, especially of the prospective type. Also, in the periodic medical examinations, it is recommended to pay special attention to the pattern of menstrual cycle in shift workers.
